Abstract -A total of 382 bumblebee specimens were examined: Bombus atratus (n=310), Bombus morio (n=42), Bombus bellicosus (n=16), Bombus opifex (n=8), and Bombus tucumanus (n=6). Prevalence, abundance, and intensity of mite infestation for each Bombus species and for each caste were recorded. The different mite species infesting bumblebee specimens were: Kuzinia laevis (Dujardin), Kuzinia americana (Delfinado and Baker), Scutacarus acarorum (Goeze), Pneumolaelaps longanalis (Hunter and Husband), Pneumolaelaps longipilus (Hunter), Tyrophagus putrescentiae (Schrank), and Parasitellus fucorum (De Geer). Numbers of mites varied enormously and ranged from one individual to over 200 per bumblebee. Kuzinia mites were represented by the phoretic forms (hypopi). Only nymphs of P. fucorum were recorded. Only female mites were recorded for the other mite species. Tyrophagus putrescientiae, P. longipilus, S. acarorum, and P. fucorum were less abundant, while K. laevis, K. americana, and P. longanalis were the most abundant. These records of T. putrescientiae, P. fucorum, K. laevis, K. americana, P. longipilus, and S. acarorum are the first for Argentine bumblebees.
INTRODUCTION
The bumblebees (genus Bombus Latreille) are among the most efficient insect pollinators in natural and agricultural ecosystems; most species are polylectic and depend on pollen and nectar of a great variety of plants (Goulson 2003a; . These bees are large, robust, and hairy, and they are often variable in their coloration patterns (the most common colors being black, yellow, ferruginous, and white). Bombus is a genus of the family Apidae distributed worldwide, principally in temperate areas of North America and Eurasia (Michener 2007) . For the Neotropical region, 42 species occupy a variety of habitats, ranging from sea level to about 4,400 m in the Andes (Abrahamovich and Díaz 2002) . In Argentina, there are eight Neotropical and two introduced European species Abrahamovich et al. 2005; Torretta et al. 2006) : Bombus (Thoracobombus) atratus, Bombus (T.) bellicosus, Bombus (T.) brasiliensis, Bombus (T.) dahlbomii, Bombus (T.) morio, Bombus (T.) opifex, Bombus (Cullumanobombus) tucumanus, Bombus (C.) baeri, Bombus (Megabombus) ruderatus, and Bombus (Bombus) terrestris. The distribution of these bees is wide; three species (B. atratus, B. morio, and B. bellicosus) have a broad ecological distribution and are well adapted to changing environmental conditions. B. atratus is the most abundant and dispersive species presenting a higher climatic and altitudinal tolerance.
Commercial rearing of bumblebee colonies for pollination commenced in the 1980s in Europe (Banda and Paxton 1991; Van den Eijnde et al. 1991) , which led to the transport of these bees into new regions and the inherent risk of exporting and introducing different diseases (Morales 2007) . Given the ecological and economic importance of these insects, there is now widespread concern over the recent decline in pollinator populations that has been detected in many regions of the world (Fitzpatrick et al. 2007 ). Causes of this decline are thought to be related to changes in the use of agricultural land, but also to the effects of pesticides, parasites, and pathogens (Goulson 2003b; Williams 2005; Otti and Schmid-Hempel 2007) .
Mites have been observed on bumblebees and in their nest for over 150 years (Husband 1968) . This ecological association of bumblebees and mites varies in form and complexity, ranging from phoresy to parasitism (O'Connor 1988) . From an evolutionary perspective, the phoresy phenomenon is an important point of attention for the scientific community because it could evolve into parasitism (Houck and O'Connor 1991) . In some cases, mites are important parasites of bees, and a wide knowledge about its parasitic effects are well-documented (Sammataro et al. 2000) . Mite relationships with bees could play an important role in explaining bee decline. For example, in the case of honeybees (Apis mellifera L.), there are several parasitic mites known to damage or kill colonies worldwide (Sammataro et al. 2000) .
The subject of bumblebee mites occurring on hosts and in their nests has been studied by Chmielewski (1971 Chmielewski ( , 1977 Chmielewski ( , 1998 , O'Connor (1988) , Houck and O'Connor (1991) , and Chmielewski and Baker (2008) . These studies describe the nature of the relationships between mites and European bumblebee hosts. In South America, there are very few reports of acarofauna in bumblebees, and no comprehensive study has been published; only Eguaras et al. (1997) reported mites associated with B. atratus (Pneumolaelaps longanalis). At present in Argentina, there is a great interest in these studies due to the increase of projects focused on the rearing of natives Bombus colonies for pollination service. Phoretic mites from Argentine bumblebees Table II . Prevalence, intensity, and abundance of infestation by mites for each caste of Bombus. 
The present research is the first study on the acarofauna associated with the most abundant species of native bumblebees from Argentina, with the purpose to add information about the ecological association between Bombus and mites.
MATERIALS AND METHODS
Bumblebees were collected using insect nets while foraging on flowers between March 2005 to May 2008 in different regions of Argentina (Jujuy, Salta, Tucumán, La Rioja, San Luis, Córdoba, and Buenos Aires provinces). The sampling included native flora and agricultural crops. Bees and mites were fixed in 70% alcohol prior to examination. External mites were separated from bees using a stereoscopic microscope, and numbers of mites were counted after removal. Lactic acid (50%) was used to fix mites for routine examination and sorting. For mites' identification, specimens were mounted in Oudeman's fluid (as recommended by Hughes 1976) on microscope slides. Bumblebee species were identified with regional taxonomic keys (Abrahamovich et al. 2005) , while mite identification was conducted using acarological literature (Zachvatkin 1941; Hunter 1966; Hunter and Husband 1973; Krantz 1978; Putatunda et al. 1983; Fan and Zhang 2007) . Abundance, prevalence, and intensity of mite species were recorded for each bumblebee species. The same indices were also used for the mites infesting queens, males, and workers of each Bombus species. For scanning electron microscopy studies, mites were fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer at pH 7.2-7.4. Mites were dehydrated in a graded alcohol series, dried in hexametildisilazane replacing the critical-point, coated with goldpalladium, and viewed with a JEOL 6460 microscope.
RESULTS
Mite species, their host Bombus species, and their geographical distribution recorded here and in previous studies are listed in Table I .
Hosts
A total of 382 bumblebee specimens were studied belonging to five species: B. atratus (n= 310), B. morio (n=42), B. bellicosus (n=16), B. Figure 1 shows the locations in Argentina where bumblebees infested with mites were found.
Composition and prevalence of the acarofauna isolated from native bumblebees of Argentina
Seven mite species were found to occur in association with the bumblebee fauna of Argentina. Prevalence, intensity, and abundance of mites for each caste of bumblebee species are listed in Table II , and those infesting each bumblebee species are listed in Table III . B. atratus was the only bumblebee where all phoretic mite species were recorded. 
Mites associated with bumble bees

Astigmata
The astigmatids collected were represented mostly by the phoretic dutonymphs (hypopus) of the Acaroidea (Kuzinia): Kuzinia laevis (Dujardin; Figure 3a) and Kuzinia americana (Delfinado and Baker; Figure 3b ). Hypopi were characterized by a flattened body with reduced mouthparts (Figure 3c ), short legs, and a posterior sucker plate (Figure 3d ). Specimens were found principally attached to the lateral sides of scutellum, propodeum, anterior segments of the tergal and sternal metasoma, and below the tegula. They were found lying near Figure 2 . Views of attachments site of phoretic mites: a Kuzinia mites attached on metasomal terga and propodeum of a B. atratus specimen, b detail of (a), c Kuzinia mites attached on metasoma under the tegula of a B. atratus specimen, d B. opifex mites attached on metacoxa. Terms: Ms mesosoma, Pr propodeum, T1 first terga of the metasoma, T2 second terga of the metasoma, Tg tegula, Ms mesosoma, Wg anterior wing, Hd head, CX3 metacoxa. one another and attached very closely to the body surface with their sucker plates. K. laevis hypopi were found on 45 queens and two worker specimens, while K. americana hypopi were found on 17 queens and two workers.
Another astigmatid mite found on bumblebees was Tyrophagus putrescientiae (Acaridae). This mite presents a saccate idiosoma that is whitish to semitransparent. Its dorsum has four pairs of prodorsal setae and 12 pairs of hysterosomal setae, with all of their dorsal setae barbed. These mites were found on 16 queens and one worker bee specimen.
Heterostigmata
In the present study, only phoretic scutacarids (Scutacaridae) were found on Bombus, all belonging to Scutacarus acarorum (Goeze; Figure 4a ). Females were found attached on 13 queens and attached in one worker bee. They were rarely found on males and workers. Scutacarid phoretic forms (females) are of small size, strongly sclerotized, have a brown colored idiosoma, and are dorsal-ventrally flattened. Their legs are very short and well adapted for firm attachment to their hosts (Figure 4b-d) .
Mesostigmata
These large brown mites belong to a very active group. They move rapidly on the body surface of their insect host. Most of the members of this group of mites were identified as Laelapidae: P. longanalis (Hunter and Husband; Figure 5a , c) and Pneumolaelaps longipilus (Hunter; Figure 5b ), and Parasitidae: Para- Phoretic mites from Argentine bumblebees sitellus fucorum (De Geer; Figure 5d ). Mesostigmatid mites were found phoretic on 33 queens and on two workers.
DISCUSSION
Previous to this study, the acarofauna of the bumblebees of Argentina was poorly known. In the present research, we recorded seven mite species of which six are reported for the first time to be associated with a Bombus species in Argentina. In addition, the results presented here extend their distribution of both their host and geography. The large number of B. atratus specimens collected here demonstrates that this species presents a greater abundance and a broader distribution with regard to other bumblebee species.
Considering that B. atratus was the only species in which all mites species were recorded, it could be suggested that the mite's "choice" about which bumblebee species to infest could be linked to the great abundance and distribution of this bee because (1) a greater abundance of B. atratus may be related to a higher probability of encounter between mite and bee, and (2) the broader distribution of B. atratus would allow dispersion of mites to suitable niches.
Mite prevalence was higher for queens than for males and workers, being similar to other studies (Chmielewski 1969 (Chmielewski , 1971 ). This situation is related to mite survival and dispersion: in autumn-when the bumblebee colony declines and the workers, males, and the old queen diesmites attach to the young queens that overwinter singly in the soil. When an overwintered queen founds a new colony in spring, adult mites and deutonymphs detach and colonize the new nest (Chmielewski 1971 ). Of the seven mite species reported here, only S. acarorum mites are parasites of bumblebees; they live and develop in nest material and can use their mouth parts to attach to the bee integument and feed on the hemolymph (Chmielewski 1971) . Nevertheless, scutacarid mites (herein S. acarorum) also can be fungivorus and suck fluid from fungal hyphae (Ebermann 1991 (Ebermann , 1999 . In this way, this mite species is not an obligatory parasite of Bombus species but depends on it to ensure its life cycle. Kuzinia mites live, feed, and develop in the nest debris of bumblebees. They feed mainly on pollen, bee-bread, and old combs, and deutonymphs disperse by attaching to adult bumblebees for transport (Chmielewski 1991 (Chmielewski , 1994 . P. fucorum is probably a pollen eater (e.g., pollen grains, bee-bread remains). Depending on the developmental stage, they may also be coprophagous, necrophagous, or a predator of small arthropods (Chmielewski and Baker 2008) . The life cycle of P. fucorum is typical for mesostigmatic mites and comprises five stages: egg, larva, protonymph, deutonymphs, and adult. The deutonymphs disperse by attaching to adult bumblebees for transport (Huck et al. 1998) . Species of the genus Pneumolaelaps feed on pollen and nectar in nests of bumblebees (Royce and Krantz 1989) and, like Kuzinia deutonymphs, they disperse by attaching to adult bumblebees when deleterious ambient conditions in the nest are detected. Eguaras et al. (1997) reported P. longanalis mites infesting Bombus in Argentina. Here, we confirm these observations and report co-infestations of P. longanalis and P. longipilus infesting bumblebees. T. putrescientiae is a cosmopolitan mite associated to stored products (Fan and Zhang 2007) and comprise a group of primarily fungivorous mites, commonly found in stored food products and decaying organic matter. Orantes-Bermejo (2002) reported its presence Phoretic mites from Argentine bumblebees in honeybee colonies, feeding on pollen and honey. The information about Tyrophagus and Pneumolaelaps mites related to bumblebees is scarce, and more studies related to these mites are needed. Kuzinia hypopi hibernate on queen bees, reaching values higher than 200 per bee. Although the relationship between Kuzinia mites and bumblebees was described as phoretic, this large number of mites probably hinders the normal movement and flight of a queen, and, ultimately, may prove harmful for the bumblebee (Chmielewski 1971) .
In this study, multi-species assemblage of mites was usually found on a single individual. Associations consisting of up to seven mite species were recorded. This large and diverse mite population on a carrier bee probably enhances the deleterious effect of mite aggregation. Another important point to consider is that mite species reported here eat pollen and honey, and a high number of mites in a bee nest could produce deleterious effects related to the consumption and contamination of bumblebee nest reserves. Nevertheless, mites are not always deleterious (e.g., fungal feeders might help clean food supplies, predators might help to combat harmful parasites; (Okabe and Makino 2008) . Many insect hosts clearly have accommodations for phoretic mites (acarinaria). Acarinaria are found in some groups of Hymenoptera (Abrahamovich and de Alzuet AD 1989; O'Connor and Klompen 1999; Okabe and Makino 2003) and are considered one of the best examples of a mutualistic adaptation because they are apparently specialized to shelter mites and exhibit a high specificity between hosts and mites. This hypothesis assumes that associated mites benefit hosts by destroying harmful pathogens or parasites (Eickwort 1994) . In this way, future studies should be conducted to test the significance of mite-bumblebee association.
In this research, heteromorphic deutonymphs (=hypopi) of K. laevis and K. americana and females of Pneumolaelaps were the most abundant mites associated with bumblebees. Although these results were similar to previous studies conducted on K. laevis (Chmielewski 1971) , no further studies have reported high values of prevalence and abundance for K. americana, and P. longanalis. The lesser abundance and intensities of P. longipilus, P. fucorum, S. acarorum, and T. putrescentiae suggest that these species are uncommon mites of the acarofauna of bumblebees in Argentina. Nevertheless, more studies to test our observation should be conducted. The research described in this paper has shown that there is an abundant acarofauna associated with Argentine bumblebees, and the relationship between the mites and the bees is diverse and complex. Five mite species were reported for the first time for Argentina, and future studies should be conducted to explain the ecological relationships between each mite species and its host. (Figure 3) , S. acarorum (Figure 4) , P. longanalis, P. longipilus and P. fucorum (Figure 5 ), und T. putrescentiae. Milben der Gattung Kuzinia waren als phoretische Formen vertreten (Hypopi). Von P. fucorum wurden lediglich Deutonymphen gefunden. Von den anderen Milbenarten wurden ausschließlich weibliche Milben erfasst. T. putrescientiae, P. longipilus, S. acarorum und P. fucorum waren im Vergleich K. laevis, K. americana und P. longanalis weniger häufig auf Hummelarten vertreten. T. putrescientiae, P. fucorum, K. laevis, K. americana, P. longipilus und S. acarorum stellen die ersten Nachweise für parasitische Milben auf argentinischen Hummelarten dar. Heteromorphe Deutonymphen (= Hypopi) von K. laevis und K. americana sowie Weibchen von P. longanalis waren in dieser Untersuchung die häufigsten Milbenarten auf Hummeln. Bisher wurden in keiner anderen Studie von solch hohen Häufig-keiten und Befallsraten für K. americana and P. longanalis berichtet. Die geringere Häufigkeit und Befallsstärke von P. longipilus, P. fucorum, S. acarorum und T. putrescentiae lassen vermuten, dass diese Arten nicht zur üblichen Milbenfauna der Hummeln in Argentinien gehören. Wir haben gezeigt, dass es eine abundante Milbenfauna auf argentinischen Hummeln gibt und dass die Beziehungen zwischen diesen Milben und den Bienen vielfältig und komplex ist. In weiteren Untersuchungen sollten die ökologischen Wechselwirkungen zwischen jeder einzelnen Milbenart und ihrem Wirt im Detail erforscht werden.
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